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Solid acids and superacids are the topics of everlasting interest due to numerous 
applications in many areas of the chemical industry. The present understanding of acid 
induced or catalyzed reactions cover an extremely broad field, ranging from large-scale 
industrial processes in hydrocarbon chemistry to enzyme-controlled reactions in the 
living cell. These are extremely useful catalysts in many large volume applications, 
especially in the petroleum industry for alkylation, isomerization and cracking reactions, 
and in the production of fine and specialty chemicals. 
 
In the last decades there has been a deep search for a catalyst that can meet the 
new requirements from both the legislation and the market. One class of catalysts that 
have received a lot of interest are the anion modified metal oxides, which exhibit 
exceptional acidic properties. In particular, the focus has been on the sulfated zirconia 
(SZ), which was first prepared and explored as a hydrocarbon isomerization catalyst in 
1962. The SZ catalyst received renewed interest in the late seventies when Hino and 
Arata reported that butane could be transformed into isobutane over the SZ even at room 
temperature. They attributed the high activity of the catalyst to its super acidic properties, 
i.e., SZ is claimed to be a stronger acid than concentrated sulfuric acid. 
  
 Many efforts could be found in the literature to improve the activity and stability 
of SZ catalyst, including promotion of the catalyst with transition metals like Fe, Mn and 
Cr, and with the noble metal Pt. Arata and Hino also reported that the solid superacids 
could be synthesized by incorporating W- or Mo-oxides into Zr- or Ti- hydroxides 
under certain preparation conditions and that the acidity of these catalysts is stronger 
Abstract 
 
 ii  
 
 
than that of 100% sulfuric acid. Based on Hammett acidity indicators, they suggested that 
the acidity of these catalysts is close to 14 (H0 ≤ −14). However, Umansky et al. reported 
that SZ sample did not demonstrate superacidity and its acidity was close to that of a 
mordenite or a Y-zeolite. They also argued that intensive factor of the acidity (acid 
strength) is more important than extensive factor (surface concentration of Brønsted 
sites) in controlling the acidity, and therefore the catalytic properties of the solids. Other 
researchers also supported that the acidity of SZ is not as high as expected. Since there is 
lack of satisfactory methods of determining the acidity of a solid, the superacidity of 
anion-modified zirconias is in question. Because of the complexity of the solid acid 
catalysts, all the experimental results should be interpreted with caution. In any case, it is 
important to note that the catalytic properties of solid acid catalysts strongly depend on 
the method of preparation, precipitating agent, sulfating agent, calcination temperature, 
pre-treatment, and storage. These diversities add to the disagreement of the acidity 
among various researchers. Even if the acidic properties of a solid acid could be 
accurately determined, it would still be difficult to relate the acidity to catalytic activity 
because of wide distribution of the type and strength of the surface acid sites and the 
uncertainty about which sites are catalytically active. 
  
Apart from the differences added to the disagreement about the acidity among 
various researchers, very often in connection with isomerization of alkanes, anion 
modified zirconias, mainly sulfated zirconias, have been extensively used in organic 
chemistry. Motivated by the significance of these catalysts (non toxic, non corrosive, 
reusable, water tolerant, easy to prepare, easy to handle, easy to recover, and inexpensive) 
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and various applications in organic synthesis, a systematic and comprehensive 
investigation was undertaken against the above background. In this study, sulfated 
zirconia (SO4
2-/ZrO2), molybdated zirconia (MoOx/ZrO2), tungstated zirconia 
(WOx/ZrO2), sulfated ceria-zirconia solid acid catalysts were synthesized. Various 
physicochemical characterization techniques namely, thermal analysis (TG-DTA), X-ray 
diffraction (XRD), scanning electron microscopy (SEM), Raman spectroscopy (RS), 
temperature programmed reduction (TPR), and BET surface area (SA) were employed to 
investigate these solid acid catalysts. All these synthesized catalysts were used for 
different organic synthesis and transformation reactions from catalytic point of view. 
Cu(I)-zeolites were also prepared according to a solid state exchange procedure. Cu(I)-
modified zeolites, especially Cu(I)-USY, have been proved to be highly efficient catalysts 
in multicomponent reactions, allowing for a solvent-free synthesis of propargylamines 
from aldehydes, amines, and terminal alkynes. The thesis has been organized into five 
individual chapters covering all these aspects. 
 
 Chapter 1 comprised of a thorough literature survey on the significance of solid 
acid and superacid catalysts in various domains of chemical industry and importance of 
anion promoted zirconia catalysts. The definition of ‘superacid’ and their classification on 
the basis of origin of the active sites are also outlined. Also includes brief comment on 
superacidity and its measurement, and discussion on ‘uncertainties about superacidity’ 
and ‘acidity measurement methods’. Importance of modified zeolites is also outlined. The 
aims and objectives of the present investigation are also described at the end of this 
chapter. 
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Chapter 2 deals with the experimental procedures and techniques employed in 
this investigation. Scientific aspects of the precipitation and impregnation methods were 
outlined. The experimental details of surface area measurements by BET method, 
application of X-ray powder diffraction studies for crystalline phase and size 
determination, temperature programmed desorption of ammonia analysis for acid 
strength distribution, Raman and TPR techniques to determine bulk and surface 
properties of the prepared catalysts have been described. Theoretical background of 
various techniques is also provided with schematic drawings and relevant literature 
references.  
 
Chapter 3 deals with the preparation and intensive characterization of sulfated 
zirconia (SZ) solid acid catalyst and its application in various organic synthesis and 
transformation reactions. The bulk and surface properties of the catalyst was examined 
by X-ray powder diffraction, BET surface area, ammonia-TPD and Raman spectroscopy 
techniques. All characterization results revealed that the incorporated sulfate ions show a 
significant influence on the surface and bulk properties of the ZrO2 catalyst. In this 
investigation, SZ catalyst was evaluated for various organic reactions namely 
Knoevenagel condensation, ring-opening of epoxides with anilines, aza-Michael addition 
reactions of amines with α,β-unsaturated carbonyl compounds. All these details are 
elaborated in this chapter. 
 
Chapter 4 deals with the preparation and intensive characterization of molybdate 
and tungstate promoted zirconia solid acid catalysts and their application in organic 
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synthesis and transformation reactions. To investigate the structural and textural 
properties, the synthesized catalysts were characterized by X-ray powder diffraction, BET 
surface area, temperature programmed reduction, temperature programmed desorption 
of ammonia, scanning electron microscopy, Raman spectroscopy, and FT-infrared 
spectroscopy techniques. In this study, tungstate and molybdate promoted zirconia 
catalysts were evaluated for selective tert-butylation of phenol with t-BuOH. Tungstate 
promoted zirconia is found to be excellent catalyst for classical Mannich reaction. All 
these aspects are discussed in this chapter.  
 
Chapter 5 deals with synthesis of sulfated ceria-zirconia and Cu(I) modified 
zeolite catalysts and their application in organic chemistry. Surface and bulk properties 
of the sulfated ceria-zirconia catalyst was investigated by means of X-ray powder 
diffraction, ammonia-temperature programmed desorption, Raman spectroscopy, and 
BET surface area methods. Characterization results revealed super acidic nature of the 
catalyst. This catalyst has been employed for Pechmann condensation of phenols under 
solvent-free conditions. The investigated Cu(I)-zeolites were prepared according to a 
solid state exchange procedure. Cu(I)-modified zeolites, especially Cu(I)-USY, have been 
proved to be very efficient catalysts in multicomponent reactions, allowing for a solvent-
free synthesis of propargylamines from aldehydes, amines, and terminal alkynes. This 
process is among the greenest ever reported. A mechanism has been proposed for this 
three-component reaction. This chapter is divided into two parts, first one on 
emphasising sulfated ceria-zirconia catalyst and latter part focusing on Cu(I) modified 
zeolite catalysts.   
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 On the whole, zirconia-based solid acid catalysts were successfully synthesized by 
simple route. Physicochemical characterization of all these catalysts revealed that the 
incorporated promoters show a significant influence on the surface and bulk properties 
of the ZrO2 and stabilize the metastable zirconia tetragonal phase at ambient conditions 
and enhance the total number and strength of acid sites. These catalysts are found to be 
active for various organic synthesis and transformation reactions. Also Cu(I)-modified 
zeolites prepared by simple solid state exchange procedure were found to be excellent 
catalysts for synthesis of propargylamines. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
